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(54) Optical data recording/reproducing method and apparatus 



(57) The present invention provides an optical data 
recording/reproducing method wherein a data is 
recorded for testing in a pattern consisting of a not- 
recorded section and a recorded section as changing a 
recording power P onto an optical data recording 
medium from time to time, an amplitude m of the 
recorded data corresponding to the recording power P 
|s.monitpr^^by,reproducing the data recorded for test^ 
ihigra ^tandlidized gradation g(Pj is calculated from the 
'fdlo«riing"e>p . . ' - . - ~ " * - ^ 

g(P)=(Am/hfi)/(AP/P) 



or h(P) is calculated from the following expression: 

h(P)=(Am/hi)/AP 

wherein AP indicates a minute change rate near P and 
Am indicates a minute change rate corresponding to AP 
near m, and an optimum recording power is deckied 
and set by evaluating excess or shortage of the rocordT. 
Ing power ajQcprdingto j^Mstard^ 
orh(P). ' . . 
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Description 

BACKGROUND OF THE INVENTION 
5 FIELD OF THE INVENTION 

The present invention relates to an optical data recording/reproducing method and apparatus. 
DISCUSSION OF THE BACKGROUND 



There has been known a method for recording data signals In an optical data recording medium for use in an optical 
data recording/reproducing apparatus by inradiating a light spot such as a laser beam onto an optical data recording 
medium for scanning and modulating amplitude of a light spot such as a laser beam with data signals as described in 
Japanese Patent Publication No. 29336/1988. and also there has been a method for adjusting recording conditions 
IS such as a recording power or a redording light pulse to optimum ones by way of reproducing data signals recorded in 
an optical data recording medium, and monitoring an amplitude of the reproduced signals or a length of recording 
marks. 

With any of the technologies as described above, as a matter of fact it is inpossible due to the reasons as 
described below to always set optimum conditions even though data signals is actually recorded using an optical data 
_20 recording/reproducing apparatus produced in mass. - - _ . - _ 

Namely, as an example of the method described above, the method can be enumerated in which an optimum 
recording power is set to each optical data recording/reproducing apparatus by monitoring an amplitude of recording 
signal (a cfifference between a level of a signal from a not-recorded section and that of a signal from a recorded section) 
.which is a representative reproduced signal in an optical data recording medium, but an amplitude value of a recording 
25 signal changes according not only to a recording power, Injt also to a number of openings in an optical pickup, rim inten- 
sity (distribution of intensity of an incident laser beam to a focusing lens) ,a size and a form of each light spot, and con- 
tamination of the optical system associated with passage of time, and generally offset by 20 to 40% is generated 
between each optical pickup, so that a set value is largely displaced from the optimum one because of the effect by the 
offset described above. 

30 So in an optical data recording/reproducing apparatus designed for mass production, it is extremely difficult to set 
an optimum recording power with a precision acceptable in actual use (around ± 5%). Also there is nonuniformity 
between individual optical data recording/ireproducing apparatus that an amplitude of recording signal for the same 
recording power can not be a constant level, and in tills case, minute acljustment of a recording power is required for 
each optical data recording/ireproducing apparatus. There is 9 problem in production of the optical data recording/lrepro- 



data ti-ack and then an optimum recording power is set After that, the test data can be erased and a new data can be 
recorded, or a new data can be overwritten directly in tiie track in which the test recording is executed. So, though a 
data track exclusive for testing need not be formed as the postscript type optical data recording medium, it is not pre- 
40 vented that the recording power of the test recording is excessively increased and the data track is damaged. Therefore, 
as a matter of fact, the data track exclusive tor testing need be formed, and tiiere are disadvantages that a setting error 
of an optimum recording power is enlarged due to a difference of recording characteristic which is due to a position dif- 
ference of each data track, or the data track exclusive for testing is in vain for a user. 

45 SUMMARY AND OBJECT OF THE INVENTION 

Accordingly, one object of the present invention is to provide an optical data recording/reproducing method and 
apparatus which can set an optimum recording power without an effect of offset of a recording power and/or an anpli- 
tude of recording signal. 

50 Another object of the present invention is to provide an optical data recording/reproducing method and apparatus 
which can easily set an optimum recording power with a precision acceptable in actual use in an optical data record- 
ing/reproducing apparatus designed for mass production. 

These and otiier objects and advantages are achieved by the present inventfon whfoh provides an optical data 
recordingyi^eproducing mettiod wherein a data is recorded for, testing in a pattem consisting of a not-recorded section 

55 and a recorded section as changing a recording power P onto an optical data recording medium from time to time, an 
amplitude m of the recorded data corresponding to the recording power P is monitored ksy reproducing the data 
recorded for testing, a standardized gradation g(P) is calculated from the following expressfon: 
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g(P)=(AnVm)/(AP/P) 
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or h(P) is calculated from the following expression: 

h(P)«(Am/m)/AP 

5 wherein AP indicates a minute change rate near P and Am indicates a minute change rate corresponding to AP near m, 
and an optimum recording power is deckied and set by evaluating excess or shortage of the recording power according 
to said standardized gradation g(P} or h(P). 

BRIEF DESCRIPTION OF THE DRAWINGS 

10 

In describing preferred embodiment of the present invention illustrated in the drawings, specified terminology is 
employed for the sake of clarity. However, the invention is not intended to be limited to the specific terminology so 
selected, and it is to be understood that each specific element includes all technical equivalents which operate in a sim- 
ilar purpose. 

IS A more complete appreciation of the present invention and many of the attendant advantages thereof will be readily 
obtained as the same becomes better understood by reference to the following detailed description, particularly when 
considered in connection with the accompanying drawings, wherein: 

Rgure 1 is a blodi diagram showing an optical data recording/ireproducing apparatus of embodiments of ttie 
20 present invention; 

Rgure 2 shows examples of a recording light pulse used in ttie optical data recording/reproducing apparatus of 
emtxxiiments of the present invention; 

Rgure 3 shows an example of effects in embodiments of the present invention; and 
Rgure 4 shows an exarrple of effects in emkxxiiments of the present invention. 

25 

DESCRIPTION OF THE PREFERRED EMBODIMENT 



Referring now Rgures. embodiments will be described. 

In these embodiments, a rewritable optical disK optical card or optical tape etc. can be cited as an optical data 
30 recording medium which can be used in the present invention . and the present invention can apply to an optical data 
recording/reproducing method and apparatus which executes hole opening recording or thermal change recording onto 
pigmem. metal or alloy film, magneto-optic recording, phase change recording which changes reflection ratio or phase 
of light, or etc. 

. . Moreover, in these embodiments, as an irradiation method of a recording light, a proper metiiod for a reoordinjg 
: ; signal can be used, for instance an irradiation method of long :and'sHoh:rect^^ 

»^ vt,>- ^-^^vrjr' ^'^ 'flights or that of-intermittence of short pulse light which is already known. Rgure'2 shows exair^lestofaiecordin light 

' pulse used in the optical data recording/reproducing apparatus of the embodiments. Rgure 2(a) shows an example of 
a data which intend to be recorded and recording sections 1 and 3, arxj not-recording section 2 are recorded onto a 
data track in the optical data recording medium. 

40 The data recorded onto this optical data recording medium is reproduced, and as shown in Figure 2(e) a difference 
between a signal level from the recording section and a signal level from the not-recording section, tiiat is an amplitude 
of recording signal, is detected. TTiis amplitude of the recording signal can be generated by a cfifference reflection ratio 
between the recording section and the not-recording section in the optical data recording medium or a difference of 
intensity of a light to which Kerr revolution angle is converted by an optical process in magneto-optic recording. 

45 Rgure 2(b). Rgure 2(c) and Rgure 2(d) show representative examples of a recording light pulse which is applied 
to the present invention. The example in Rgure 2(b) is rrx>st simple one where modulation is executed by corresponding 
a weak r^roducing power Pr and a sfrong recording power Pw to the not-recording section and the recording section. 
It is suitable for recording a data onto a recording surface of low heat conduction. The exanple in Figure 2(c) is that a 
long recording section is recorded by a pulse frain and it is suitable for recording a data onto a recording surface of high 

so heat conduction by a constam recording width. 

The example in Rgure 2(d) is one of recording pulses that records a data onto a recording surfece where overwrit- 
ing is possible in magneto-optic recording or phase change recording. In a data track where a data is already recorded, 
a light of an erasing power Pe of middle level is continuously Irradiated and therefore a not-recording section is formed. 
A recording power P and a bias power Pb are irradiated by turns and therefore an old data is erased and a new data is 

55 replaced. 

Next a description is made for logical background of the embodiment of the invention. When amplitude mo of a 
standard recording signal monitored by a standard data reconjing/ireproducing apparatus and a standard recording 
power Pq are given tiirough the following expression: 
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a ratio go(Po} obtained by furthermore standardizing Amo and APq conresponding to n\, and Pq respectively by mg and 
Pq Is expressed lay the following expression as a function of Pq 

g o(P oHAm o''" o)(AP o/P o). 

Herein go(Po) indicates a standardized gradation of nriQ against Pq. so that is called " standardized gradation" 

An advantage of using this "standardized gradation" consists in the point that it is applicable also to a relation 
between an amplitude m of a general recording signal and a general recording power P with each offeet from the 
respective standard which are given by the following expression: 

m(P)=kmo(P).P=qPo 

k, q: Constants which are not zero. As dearly understood from the following expressions: 

g(P)=(Am/m)/(AP/P) 

={ A(km o)/{km o)}/{A(qP o)/(qP o)l 

=(Amo/mo)/{AP q/P o)=g(P o). 



so far as the standardized gradation g(P) is monitored, always a value equal to the standard value go(Po} can be 
otJtained. 

In other words, a value of g(P} is a numerical value stored irrespective of whether m and P are offset or not. and for 
tNs reason it may be said that the numerical value always and accurately indicates whether a recording power is exces- 
sive or short. Accordingly, by setting a recording power P for recording data so that the standardized gradation value 
g(P) will be obtained in the data recording/reproducing apparatus, even if data is recorded with a different data record- 
ing/reproducing apparatus, always data can be recorded in the same recording conditions, which is quite convenient for 
applications in the Industrial fields where importance is put on reproductivity of recorded data. 

Naturally as a value of a recording power becomes larger, a value of m is saturated and generally g (P) is con- 
verged to zero, and for this reason to more accurately detect whether a recording power is excessive or short, it is effi- 
cient to set a value of g(P) in a range from 0.2 to 2.0, more preferably in a range from 0.7 to 1 .7 and get an optimum 
recording power by nuiHiplying a value of P conresponding to tNs by a value in a range from 1.0 to 1.7. preferably in a 
range from 1 .0 to 1 .5. 

Next, a description is made for a concrete method of obtaining a standardized gradation g. ' ~ ■ 
^. -.-.^/The general expression .fbr calculating a started . 

g(P)=(Am/m)(AP/P) 

wherein AP is a minute change rate near P, and Am indicates a minute change rate conresponding to AP near m. 

A practical expression for calculating a standardized gradation when recording powers for i-th and G+t)-th test 
recording are P(i) and P(i+^) respectively, and amplitudes of recording signal are m(i) and mCi^-l) respectively, is as fol- 
lows: 

g[(P(i)+P(H-1))/2] =K(mp+1)-mO)}/{mO+1)+ma)}l/[{PO+1)-P(i)}/{Pa+1)+P(i)}l- 

Other practical expression for computing a standardized gradation g is, when recording powers for 0-Otb, i-th, and 
(i+1)th test recording are P(i-1), P(i) and P(i+1) respectively, and amplitudes of recording signal are mp-l) ,m(i') .and 
m(i+1) respectively, and at the same time when P(0-{P(i+1)+P(i-1)}/2 . is as follows : 

g(0^{m(i+1)-m(i-1)}/{(mO+1)^^Tl(i-1)}]/[^ 

Rgure 1 is a block diagram showing an optical data, recording/reproducing apparatus of embodiments of the 
present invention. In this embodiment, an optical data recording medium 1 1 such as an optical disk is driven by a driving 
device 12 such as a spindle motor. An optical source such as a semiconductor laser is driven by a laser driving circuit 
14 of an optical source driving device and irradiates a light onto the optical data recording medium 1 1 by way of an opti- 
cal system not shown in the figure, and therefore a recording/reproducing pickup 13 records and reproduces a data. 

A recording power setting circuit 1 5 of a recording power setting device Is controlled by a recording controlling block 
16 of a recording controlling device which controls overall controlling system and it sets a recording power for testing 



EP0 762 399A1 

and an optimum recording power. Namely the recording controlling tAock 16 sets the recording power for testing and 
the optimum recording power through the recording power setting circuit 15, the laser driving circuit 14 and the record- 
ing/reproducing pickup 13. The laser driving drcuit 14 drives the semiconductor laser to emit at the recording power for 
testing or the optimum recording power which is set by the recording power setting circuit 1 5. 

5 During a recording power setting mode, the laser driving drcuit 14 drives the laser in the reoordingA'eproducing 
pickup 1 3 to emit at the recording power for testing P set by the recording power setting circuit 1 5. which ctanges from 
. " time to time. Also the recording/reproducing pickup 13 records a pattern of a not-recording sectk>n and a recording sec- 

tion orrto the optical data recording medium 1 1 for the recording for testing as changing the recording power P from time 
to time and reproduces the data of the pattem therefrom. 

70 A monitoring drcuit of amplitude of recording signal 1 7 which is a monitoring device of amplitude of recording signal 
monitors an arr^litude m of recording signal corresponding to the recording power P, which is a difference between a 
signal level of the not-recording section and that of the recording section, from a reprodudng signal which is reproduced 
by the recordlng/reprodudng pickup 13. A standardized gradation calculating drcuit 18 of a calculating device seeks by 
the recording power P, the amplitude m of recording signal monitored in tbe monitoring drcuit of amplitude of recording 

IS signal 1 7 arxl by the following expression: 

g(P)=(Amftn)(AP/P) 

wherein AP is a minute change rate near P. arKi Am indicates a minute change rate corresponding to AP near m. 
20 The recording corrtroll ing block 1 6 deddes the optimum recording power on the basis of the standardized gradation 

g(P) calculated by the starxiardized gradation calculating drcuit 18, and sets the optimum recording power in the 

recording power setting drcuit 15. 

During a recording mode, the laser driving drcuit 14 drives the laser in the recording/ireprodudng pkd<up 13 to emit 

at the optimum recording power set by the recording power setting drcuit 15 and the recording/reproducing pickup 13 
25 records a data onto the optical data recording medium 1 1 at the optimum recording power. During a reprodudng mode, 

the laser driving drcutt 14 drives the laser in the recording/reprodudng pickup 13 to emit at a reprodudng power and 

the recording/reproducing pickup 13 reproduces the data from the optical data recording medium 1 1 by a light of the 

reprodudng power. 

Rg. 3 shows an example of effects provided in this embodiment of the invention. Relations betwe^i amplitude m 
30 of recording signal recorded and reproduced by different 3 types of data recording/ireprodudng apparatus and the 
recording power P are as shown in Rg. 3. and a saturation value of amplitude of recording signal In each case is differ- 
ent: 0.60. 0.75, and 0.50 respectively, so that different curves m(0) . m (1) and m (2) are provided, and in this case an 
uniform target of optimum recording power can not be obtained even with reference to a certain amplitude level of 
recording signal, and nonuniformity is generated in response to the curves m(0) .m(l) and m(2). Furthermore if P is 
\:T::yr^^z'^i:!i^,35: .r. larger than ^ 2 mW (P > 1 2 mW) .the three curves m(0) . m(1 ) and m(2):are aimbst parallel.to : eacKother.-so'that it :is : * . . 
. •> THM"*— - inrpossible even to set a common reference foi^ amplitude level of- recording.signaL*A, /-r-.j^y^ ^vr*^-"/ ^ - — . — -r-rr- .". 

As for the relation between a standardized gradation g and a recording power P in the enriodiment of the invention, 
the curves g(0). g(l}. and g(2} obtained by confuting through tiie expression tor definition above are completely con- 
ckled from each other. For this reason, in the recording control block 16, if a recording power Pset which gives a deter- 
40 mined level, . for instance g(g8et)=0.25, by using the curve for the standardized gradation g, even if data 
recording/ireprodudng apparatuses used are different, an unified recording power Pset can be set without nonuniform- 
ity. In other words, this indicates excellent effects provided in the embodiment of the invention, and also incficates that 
the versatility and predsion in recording power setting are very high. 

In this embodiment, it is possible to accurately set an optimum recording power by recording a data for testing in 
45 an optical data recording medium in which a data can be recorded, and also it is possible to record a data in an erasable 
optical data recording medium without giving damages to a recording film by irracfiating an excessive recording power, 
and furthermore it is possilsle to make lagers the times of erasing and also to inprove the reliability of recorded data. In 
addition, there occurs no nonuniformity such as different amplitude levels of recording signal even if an identical record- 
ing power is used for various types of optical data recording/reproducing apparatuses, an optimum recording power can 
so automatically be set without being affected by nonuniformity between various types of data recording/ireprodudng 
apparatus, and a low cost optical data recording/ireprodudng apparatus can be provided. 

As described atxive, in the data recording/ireprodudng method of the embodiment of the invention, a data is 
recorded for testing in patterns each consisting of a not-recorded section and a recorded section as changing a record- 
ing power P from time to time to the data recording medium, the data recorded for testing is reproduced and an ampli- 
55 tude m of recording signal corresponding to a recording power P is monitored, a standardized gradation g (P) is 
obtained through the following expression: 

g(P)=(AnVm)/(AP/P) 
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wherein AP is a minute change rate near P and Am is a minute change rate corresponding to AP near m; and an opti- 
mum recording power is decided and set by checking whether a recording power is excessive or short according to the 
starxlardized gradation g(P), so that an optimum recording power can t>e set without an effect of kx^th offsets of an 
amplitude m of recording signal arxi a recording power P which occur easily in plural optical data recording/ireproducing 
apparatuses and especially it is easy to set an optinmjm recording power with a precision acceptatrie in actual use in an 
optical data recording/reproducing apparatus designed for mass production. 

Moreover, another emtsodiment will be described. In the data recording/reproducing apparatus of this embodiment, 
a recording/ireproducing pickup 13 wfiich records/reproduces a data for testing in patterrre each consisting of a not- 
recorded section and a recorded section as changing a recording power P from time to time to/from the optical data 
recording medium 11. a laser driving circuit 14 of an optical source which drives ttie optical source in this record- 
ing/reproducing pk:kup 13, a recording power setting circuit 15 of a recording power setting device which sets a record- 
ing power for testing and an optimum recording power in tiie recording/reproducing ptekup 1 3. a monitoring circuit 1 7 
of amplitude of recording signal of a monitoring device of amplitude of recording signal which monitors an amplitude m 
of recording power conresponding to tiie recording power from the recording/reproducing pickup 13, a standardized cal- 
culating circuit 18 of a calculating device which seeks a standardized gradation g (P) by the recording power P for test- 
ing, the amplitude m of recording signal and tiie following expression: 

g(P)=(Am/m)/(APyP) 

wherein AP is a minute change rate near P and Am is a minute cfiange rate corresponding to AP near m; and a record- ' 
Ing controlling block 16 of a recording controlling device which decides an optimum recording power k>y checking 
whettier a recording power is excessive or short accordirig to the standardized gradation g(P) sought in the standard- 
ized calculating circuit 18 and sets it to tiie recording power setting circuit 15 are included, so tiiat an optimum recording 
power can be set without an effect of both offsets of the amplitude m of recording signal and the recording power P 
which occur easily in plural optical data recording/reproducing apparatuses and especially it is easy to set an optimum 
recording power with a preciskm acceptable in actual use in an optical data recording/reproducing apparatus designed 
for mass production. 

In the embodiment as described atx)ve. the recording controlling block 16 detects a recording power Ps at which 
the standardized gradation g(P) coincides with the a specific value S which is selected in a range from 0.2 to 2.0, and 
rt sets an optimum recording power to the recording power.setting circuit 15 t>y mult^lying Ps by a value in a range from 
1.0 to 1.7. 

Fig. 4 shows an example of effects provided in the embodiment off tiie invention. In this embodiment, a relation 
between an amplitude m of recording signal and a recording power P arxi a relation between a standardized gradation 
g and a recording power P are the same as those in the emtjodiment of the.above inverition. In the embodiment of the 
inventiorr.-whigh setting ah optirhum rerordiriVpc^ the ajrplrtude m of record sighal 

-is saturatedtto a recording powers avalue of -the staiid^r4lz^/gi^ctetiop^g becomes smallerrand also a change 
rate to P becbities smaller, so that it is easily affected by external disturbance or noise and a precision in detectidn'^of 
P may become lower. In other words, it is better for improving a precision in detection of P to use a condition where a 
value of g is large and a change rate to P is also large (where a gradation is large). 

Fig. 4 shows an example of effects provided in the embodiment of the present Invention in which S of the spedftc 
value is 1.0, and also ttiis figure shows an effect provided by tiie mettKxi of detecting a recording power Ps at which a 
value of the standardized gradation g coincides with S in this embodiment. Ps is smaller than an actual optimum record- 
ing power Popt, so that Popt is set by multiplying this Ps by 1 .20. The particular value of S may be selected from a range 
from 0.2 to 2.0 so that influence by noise will be negligible, and in tiiis case it is possible to detect a recording power Ps 
corresponding to a set value S with high precision. Offset of a recording power Ps from the optimum recorcfing power 
Popt can be checked by previously setting an appropriate value in a range from 1 .0 to 1.7 times and by computing the 
optimum recording power Popt by multiplying Ps by this value. For this reason an optimum recording power can further- 
more precisely be set. 

As described akxive. in tiie embodiment, a data is recorded for testing in patterns each consisting of a not-recorded, 
section and a recorded section changing a recording power P from time to time to the data recording medium, the data 
recorded for testing is reproduced and an amplitude m of recording signal corresponding to a recording power P is mon- 
itored, a standardized gradation g(P) is obtained through the following expression: 

g(P)=(Am/m)/(AP/P) 

wherein AP is a minute change rate near P and Am is a minute change rate corresponding to AP near m; a spe- 
cific value S selected from a range from 0.2 to 2.0 is set a recording power Ps at which the standardized gradation g(P) 
coincides with the value of S is detected, and an optimum recording power is set by multiplying Ps by a value in a range 
from 1 .0 to 1 .7. so that it Is possible to furthermore precisely set an optimum recording power and also to reduce a cost 
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of a data recording/ireproducing apparatus. 

Furthermore, another embodiment will be descrtoed. In this embodiment, an opticaJ data recording mecfium is 
repeatedly rewritable and recording for testing ts executed under the condition that g(P) is 0.15 or more and a track for 
testing in the optical data recording medium is included within data tracte. As a result a track exclusive for testing, 
5 which is unnecessary for a user, can be omitted, and also setting predsion of the optimum recording power can be 
improved. 

Generally, it has been confirmed experimentally that the recording power does not damage all kinds of optical data 
recording media thermally if the g(P} is 0.15 or nrare. Therefore in this embodiment excessive recording power does 
not irracfiate onto a recording film of the optical data recording medium, so that the recording film is not damaged. Thus 
10 a track for testing is unnecessary to be formed, arul even if recording for testing is executed on a data track where a 
data is recorded, there occurs no problem. Therefore it is achieved that the setting precision of the optimum recording 
power can be improved. 

Concretely, the recording for testing is executed as changing the recording power upward on a data track which is 
first one orde of the data tracks and then a data for testing is reproduced f rorti the track where the recording for testing 

IS is executed. At that time, if g(P) reaches around 0.15, the recording for testing is stopped. Then the optirruim recording 
power is decided under the condition that g(P) is 0.15 or more as desaibed above. A data starts to be overwritten from 
the beginning of the first track where tiie recording for testing is executed. Generally, a recording characteristic is alnfx>st 
same among tracks around the track where tfie test recording is executed. Thus, over tracks whose lengtii is once to 
several hundreds times as long as the length of the track where the recording for testing is executed, or otherwise over 

20 whole tiBcks, a data is recorded in a good condition. 

As descnlsed above, in tiiis embodiment, the optical data recording medium is repeatedly rewritable and recording 
for testing is executed under the condition that g(P) is 0.1 5 or more arxJ the track for testing in the optical data recording 
medium is included within data tracks. As a result the track exclusive for testing, which is unnecessary for a user, can 
be omitted, and also setting precision of the optimum recording power can be improved. 

25 In addition, in the en^odiment described above, under the condition that the offset of the recording power is small 
enough, the offset of the amplitude of recording signal can be reduced by using h(P)=(Am/m)/AP Instead of 
g(P)=(Am/m)/(AP/P) . and therefore those embodiments of the invention include the case of h(P)=(Am/m)/AP instead 
of g(P)s(AnfVm)/(AP/P) . In this case, with respect to the specific value S which is selected from 0.2 to 2.0. a first spe- 
cific value is used as so that ttie amplitude of recording signal does not saturate to the recorcfing power, and with 

30 respect to the value of 1 .0 to 1 .7. a secorxJ specific value is properly used. 

Furtiiermore, another embodiment will be described. In this emtxxiiment in one portion of an optical data recording 
medium, a recommendation value of at least one of the value of the recording power. g(P). h(P) and the ratio between 
the optimum recording power and Ps etc.. which are for seeking the optimum recording power the recording for test- 

. .^ ing^is prerecorded previously. ■ i,. ^^.r^.--. ^ 

35^ ' " ' Generally, the recording power, g(P), h(Pj and the ratio between the optimum recdrdihg pcwef arid Ps etc., which • 
are'iofifeeWrig the' optimum Vedbrdihg powi^ by the>Scbrding^for tel^ii^lg; 'hs^e^^^'^r^^ 

depending on a material of a recording film or structure of tiie optical data recording medium. Therefore if each recom- 
mendation value is pre-recorded prenously in the one portion of the optical data recording medium as inhererrt data arxi 
it is reproduced in the optical data recording/ireproducing apparatus, the optimum recording power per the optical data 

40 recordingA'eproducing apparatus can be sought precisely by the recording for testing. As examples of the recommen* 
dation value, it is preferable ttiat they can be reproduced by tiie recording/reproducing pickup, for instance, known ones 
such as modulated pre-pit array, recorded pit array or modulation pattern of tsar coding are possible. 

As a result, the optimum recording power per tiie optical data recording medium can be predsely sought by the 
recording for testing. Therefore the optical data recording media of many companies where the recording characteristic 

45 are different can be used widely arxj so called interchangebilHy among the optical data recording media can be 
improved. 

As described above, in tiiis embodiment, in one portion of the optical data recording medium, the recommendation 
value of at least one of the value of the recording power, g(P). h(P) and the ratio between the optinum recording power 
and Ps etc., which is for seeking the optimum recording power by the recording for testing, are pre-recorded previously. 
so Therefore the optimum recording power per the optical data recorcfing medium can be predsely sought by the recording 
for testing. Therefore the optical data recording media of many companies where the recording characteristic are differ- 
ent can be used widely and the interchangetslity among the optical data recording media can be improved. 
Rnally, the technical advantages will be described. 

According to an optical data recording/reproducing method of the present invention, a data is recorded for testing 
ss in patterns each consisting of a not-recorded section and a recorded sectfon as chan^ng a recording power P firom time 
to time to the data recording medium, the data recorded for testing is reproduced and an amplitude m of recording sig- 
nal corresponding to a recording power P is monitored, a standardized gradation g (P) is obtained through the following 
expression: 
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g(P)=(AnVm)/(AP/P) 



or h(P) is obtained through the following expression: 



h(P)=(Am/m)/AP 



wherein AP is a minute change rate near P and Am is a minute change rate corresponding to AP near m; and an opti- 
mum recording power is decided and set by checking whether a recording power is excessive or short accofding to the 
standardized gradation g(P) or h(P), so that an optimum recording power can be set without an effect of both offsets of 
an amplitude m of recording signal and a recording power P which occur easily in plural optical data reoordingA'epro- 
ducing apparatuses and especially it is easy to set an optimum recordirtg power with a precision acceptable in actual 
use in an optical data recording/reproducing apparatus designed for mass production. 

According to an optical data recording/reproducing method of the present invention, a data is recorded for testing 
in patterns each consisting of a not-recorded section and a recorded section changing a recording power P from time 
to time to the data recording medium, the data recorded for testing is reproduced and an amplitude m of recording sig- 
nal corresponding to a recording power P is monitored, a standardized gradation g(P} is obtained through the following 
expression: 



wherein AP is a minute change rate near P and Am is a minute change rate corresponding to AP near m; a specific 
value S selected from a range from 0.2 to 2.0 is set. a recording power Ps at which the standardized gradation g(P) 
coincides with the value of S is detected, and an optimum recording power is set by muttiptying Ps by a value in a range 
from 1 .0 to 1 .7. so that it is possible to furthermore predsely set an optimum recording power and also to reduce a cost 
of a data recording/reproducing apparatus. 

According to an optical data recording/reproducing method of the preserrt invention, a data is recorded for testing 
in patterns each consisting of a not-recorded section and a recorded section changing a recording power P from time 
to time to the data recording medium, the data recorded for testing is reproduced and an amplitude m of recording sig- 
nal corresponding to a recording power P is monitored. h(P) is obtained tiirough the following expression: 



wherein AP is a minute change rate near P and Am is a minute change rate corresponding to AP near m. a recording 
power Ps, for which said h(P) is ideritical to a first^ specific value which is selected in a range where the amplitude of 
-recording power is not saturated td the recbrding'p^ detected and ah optimum recording jcxwver is iset by multiply-' 
ing Ps by a^ second speciific value, so thafcitJsrppssibfe-to furtiier^nore preci^^^ an optimum recording power-and ^ 
also to reduce a cost of a data, recording/reproducing apparatus. 

According to an optical data recording/reproducing apparatus of the present invention, a recording/reproducing 
pickup which recofds/reproduces a data for testing in patterns each consisting of a not-recorded section and a recorded 
section as changing a recording power P from time to time to/from the optical data recording medium, a laser driving 
circuit of an optical source which drives tiie optical source in this recording/reproducing pickup, a recording power set- 
ting circuit of a recording power setting device which sets a recording power for testing and an optimum recording power 
in tiie recording/reproducing pickup, a monitoring circuit of amplitude of recording signal of a monitoring device of ampli- 
tude of recording signal which monitors an amplitude m of recording power corresporKling to the recording power from 
the recording/reproducing pickup, a standardized calculating circuit of a calculating device which seelcs a standardized 
gradation g (P) or h(P) by the recording power P tor testing, the amplitude m of recording signal and the following 
expression: 



wherein AP is a minute change rate near P and Am is a minute change rate corresponding to AP near m; and a record- 
ing controlling t)lock of a recording conti-oliing device which decides an optimum recording power by checking whether 
a recording power is excessive or short according to the standardized gradation g(P) or h(P) sought in the standardized 
calculating circuit and sets it to tiie recording power setting d rcurt are induded. so that an optimum recording power can 
be set without an effect of bofli offsets of the amplitude m of recording signal and the recording power P which occur 



g(P)=(AnVm)/(AP/P) 



h(PHAm/m)/AP 



g(P)=(Am/my(AP/P) 



or 



h(P)=(AnVm)/AP 
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easily in plural optical data recorcGng/r^roductng apparatuses and e^Dedalty it is easy to set an optinrum recording 
power with a precision acceptable in actual use in an optical data recording/ireproducing apparatus designed for mass 
production. 

According to an optical data recording/reproducing method of the present inventioi, an optical data recording 
5 medium is repeatedly rewritable and recording for testing is executed under the condition that g(P) is 0.1 5 or more and 
a track for testing in the optical cteta recording medium is included within data tracks. As a result a track exclusive for 
testing, which is unnecessary for a user, can be omitted, and also setting predion of tiie optimum recording power can 
be improved. 

According to an opticaJ data recording/reproducing method of the present invention, in one portion of the optical 
10 data recording medium, the recommendation value of at least one of the value of ttie recording power. g(P), h(P) and 
the ratio between the optimum recording power and Ps etc., which is for seeking tine optimum recording power by the 
recording for testing, are pre-recorded previously as inherent data. Therefore the optimum recording power per the opti- 
cal data recording medium can be precisely sought by the recording for testing. Therefore the optical data recording 
media of many companies where the recording characteristic are different can be used widely and the interchangebility 
IS among the optical data recorcfing media can be improved. 

The optimum recording power may additionally or alternatively be determined by analyzing the saturation behav- 
iour of the function m(P). This analyzing may be done by means of a function g{P) which may be obtained by means of 
approximation metiiods from the individual g(P) values (e-g. by a fitted curve). This function may then be extrapolated 
to obtain the saturation value for the amplitude. Alternatively the saturation value for the amplitude n^y be obtained 
so from the value of P for certain value of g, e.g. for g = 0, 1 5. and by multiplying the corresponding value for the amplitude 
m by a constant factor. 

AKematively a fuzzy fogic may be inplemented in order to find both a suffidentiy large value of g and a suffidentiy 
large change rate to P. 

Furthermore the values for g(P) may be analyzed statistically in order to determine if the section of the recording 
25 medium used to determine g(P) is damaged. This may be assumed if a large scattering of the calculated values for g(P) 
may be observed. If this is the case a warning may be signaled. Furthermore tracks may be determined which may not 
be used for data recording. This may be done by skipping all tracks for recording between two testing sections (i.e. sec- 
tions used to determine g(P) values) which provided an error free result if between this two testing section one or more 
testing sections have been ot^served which provide a result indicating a damage. This allows for using a recording 
30 medium even if a part of the recording medium is damaged. Due to the standardization of the gradation g(P) reliable 
threshoM values for indicating a damage may be determined, even if various types of recording mediums are used. 

Obviously, numerous modifications and variations, of the present invention are possible in light of the above teach- 
ings. It is therefore to be understood that within the scope of the appended claims the invention may be practiced oth- 
erwise than as specif icaily described herein. 



- . vn- Cfaimsi . 




40 



1. An optical data recording/reproducing metiiod, wherein a data is recorded for testing in a pattern consisting of a 
not-recorded section euid a recorded section as changing a recording power P onto an optical data recording 
medium from time to time, an amplitude m of the recorded data corresponding to the recording power P is moni- 
tored by reproducing the data recorded for testing; a standardized gradatfon g(P) is calculated from ttie following 
expression: 



g(P)KAnfi/m)/(AP/P) 



45 



or h(P) is calculated from the following expression: 



h(P)^AmMi)/AP 



so 



wherein AP indicates a minute change rate near P and Am indicates a minute change rate corresponding to AP 
near m; arxi an optimum recording power is decided and set by evaluating excess or shortage of the recording 
power according to said standardized gradation g(P) or h(P). 



55 



2. An optical data recording/reprodudng method according to claim 1, wherein a specific value S selected in a range 
from 0.2 to 2.0 is set: a recording power Ps. for which said standardized gradation g(P) is identical to S. is detected: 
and an optimum recording power is set by multiplying Ps by a value in a range from 1 .0 to 1 .7. 



3. An optical data recording/reprodudng method according to claim 1 , wherein a recording power Ps, for which said 
h(P) is identical to a first specific value which is selected in a range where said amplitude of the recorded data is 
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not saturated to said recording power, is detected; and an optinium recording power is set by multipiying Ps k^y a 
second specif ic value 

4. An optical data recording medium driving apparatus using an optical data recording medium, comprising: 

a recording/reproducing pickup (13) which records a data for testing in patterns each consisting of a not- 
recorded section and a recorded section as changing a recording power P from time to time to the optical data 
recording medium (11) and reproduces the data therefrom; 

an optical source driving device (14) which drives an optical source in the recording/reproducing pickup (13); 
a recording power setting device (15) which sets the recording power P for testing and an optimum recording 
power to the recording/reproducing pick-up; 

a monitoring device (1 7) of amplitude of recording signal which monitors an amplitude m of recorded data cor- 
responding to the recording power P from the recording/reproducing pickup; 

a calculating device (18) which calculates a standardized gradation g(P) or h(P) by ttie recording power P for 
testing, the amplitude m of the recorded data and the following expression: 

g(P)={AnVm)/(AP/P) 

or 

h(P)={Am/m)/AP 

wherein AP is a minute change rate near P and Am is a minute change rate corresponding to AP near m; and 

a recordirig controlling device (16) which decides the optimum recording power by evaluating excess or short- 
age of tiie recording power according to the standardized gradation g(P) or h(P) calcuated in tiie catoulating 
device and sets the optimum recording power to the recording power setting device. 

5. An optical data recording/reproducing method accordirtg to claim 1 . 2 or 3, wherein an optk:at data recording 
medium used in the optical data recording/reproducing meifiod is a repeatedly rewritat>le data recording medium, 
a track which is recorded for testing is included within data tracks on which a data intends to be recorded by the 
optimum recording power set tsy the testing arxi the recording power P for testing is changed under a condition that 
a value of g(P) is 0.15 or more. 

-6.^ --An optieardata recording/fepfoducrrig method: , 2, 3 or 5..wherein. in one portion of an optical, 
data-recording medium used lo the.optica! date recording/reproducing method^a recommeridation. value of-at least.. 

one of the recording power, g(P). h(P) or a ratio between the optimum recording power and Ps for calculating the 

optimum recording power is previously prerecorded as inherent data. 

7. An optical data recording/reproducing method according to daim 1-3, 5 or 6, wherein a saturation value Msat for 
m(P) is estimated from g(P), e.g. by extrapolation, and the optimum recording power Popt is set such that Popt 
results in an amplitude Mopt(F^pt) whteh saturates tiie following equation: 

0.5 Msat < Mopt < 0.99 * Msat 

8. An optical data recording/reproducing method according to claims 1 -3. 5-7, wherein in Ag(P)/(AP/P) is determined, 
wherein Ag(P) is the change of g(P) near P. arKi the optimum recording power Popt is chosen such that the amount 
of Ag(P(^/(APyPopt) is within a predetermined range 

9. An optical data recording/reproducing method according to daim 1 -3. 5-8. wherein a statistical data analysts of the 
values of g(P) is performed in order to determine if the recording section is damaged, in order to signal a damage 
result by a warning means and/or to skip tracks neartsy the section for testing. 

1 0. An optical date recording/reproducing method according to daim 9. wherein a damage is determined if the scatter- 
ing of the individual g(P) values about a curve fitted to these values, which fitting being ot>tained ag. by least mean 
square methods, is above a certein threshold value. 
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FIGURE 2 



o 

Q. 



( b ) Recording light § 
pulse (1) p3 
(Rectangular pulse 
recording) 



Ca J Recording mark ^ Y //// //A 



/ 



Pr 



(c)Recording light 
pulse (2) 
(Pulse train re- 
cording) 



o 
a. 



Pr 



"( <il ) Record ing- light'^v pi 
:r^r-r'pulse (3)"^:-*' 4*'^:'^^^ 

(Light modulation j 
overwriting re- — 
cording) c 



( e ) Reproduced signal -a 
S 



P: Recording Reproducini 



power 



Pr: 



power 



Pr 



U 



P: Recording 
power 

Pr: 

Reproducing 
power 



— 
Time 



P: Recording 
power 

;!^Pe r Erasing - 



vArrr:i^n7: -power, ^ 
-'-Pb: Bias power^J 



n 



— T Amplitude of 
L recording 
Fsignal 



> 



Pr 



Time 



Time 



Time 



12 



EP0 762 399A1 





J — I 1 , J J 1 1 , 1 CD 

OCD CDs^C^iOCr)CD^ C^JO 

lu fEuSis 3uipjo39j JO apnjiiduiv 



14 



EP0 7G2 3»A1 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



EP 96 11 4553 



DOCUMENTS CONSIDERED TO BE RELEVANT 




Catccuiy 


Ckatioo of docoramt wHh indicatioB, when appropriatei 


Rdmot 
Co rtahn 


CLASSmCATION OP THE 
ilPFUCATION OatCU) 


A 


WO-A-93 260G1 (MAXOPTIX CORP) 23 Decendtier 
1993 

* page 1, paragraph 2 * 

* page 11, paragraph 2 - page 12, 
paragraph 3 * 

* page 16, paragraph 1 - page 17, 
Dayaaraoh claims 9 28 • fiaures 2*3 * 


1,4,5.9 


G11B7/125 


A 


US-A-4 283 785 (MIYAUCHI TOSHIMITSU ET AL) 
11 August 1981 

* column 3, line 17 - column 4, line 26; 
figures 4,5 * 


1-4 




A 


US-A-5 268 893 fCALL DAVID E ET AL) 7 
December 1993 

* abstract * 

* column 4, line 58 - column 5, line 35; 
figure 1 * 


1.4.5 




A 


PATENT ABSTRACTS OF JAPAN 


1.4 






vol. 018, no. 665 (P-1844), 15 December 
1994 


TECHNICAL FIELDS 
SEA&dfED (Iat.a.fi) 




& JP-A-06 259769 (RICOH CO LTD), 16 
September 1994, 
* abstract * 




GllB 


A 


PATENT ABSTRACTS ,0^ JAPAN ^ . 

vol. 018, no. isiS (pVl831), 24 Noveniber 

1994 

& JP-A-06 231463 (MATSUSHITA ELECTRIC IND 
CO LTD), 19 August 1994, 
* abstract * 


1.4 




A 


EP>A-0 587 111 (PIONEER ELECTRONIC CORP) 
16 March 1994 
* abstract * 


1.4,9 




TIm present seardi icpoit has hen drawn up for aU claims 







THE HAGUE 



12 December 1996 



Annibal, P 



X: 
V: 

A: 
O: 
P: 



CATEGOKY OP CITED DOCUMENTS 



particulmffy rdevaat if taken alone 
partlcutaily rcl«waat If c 
of tbesai 



T : theory or principle nnderlying the iavcnttan 

E: " " 



D : docnmcnl died in the appUcadoa 



abcroTihes 



t patent tolly, amipandlBg 



15 



# 




I 



